LH has installed sashes to the balcony to save energy and increase residential space. Then, it is very difficult to protect a condensation of vapor on the walls in the winter time, because the space is closed and the wall surface temperature becomes very low in a balcony. We have tried to get the optimal thermal design methods to reduce the condensation on the walls. The one of the chosen method is to make holes on the walls, and then the condensation shall be reduce because the dew point temperature will be lower due to the effect of dehumidify. In this case, it is just necessary to find as like that how many holes should be perforated through the wall, what's their size, and where is their positions. In this study, a computational fluid dynamics was applied to analyze the temperature, the pressure and the velocity distribution for an incompressible flow in the balcony spaces. And field tests were also carried out to get the data to compare to the simulation results. Finally the design criteria of the ventilation holes in the balconies was suggested by analysis of the computer simulation models.
Introduction
The Rental Housing Act was amended to be able to install a sash to apartment balconies. Since the Act has took effect on, LH has installed sashes to the balcony to save energy and increase residential space. Then, it is very difficult to protect the condensation of vapors on the walls in there because the space is closed and the wall surface temperature becomes very low. If the condensation occurs on the wall, it is clear that residents are displeased with the situation.
So, we have tried to get the optimal design criteria to reduce the condensation on the wall, and the chosen method is to make holes on it. In this case, it is natural that the condensation shall be reduce because the dew point temperature is lower than the space without holes. In this case, it is just necessary to find as like that how many holes should be perforated into the wall, what is their size, and where is their positions.
In this study, a computer simulation for three dimensional incompressible flows shall be considered to analyze temperature, pressure and velocity distribution in balconies. Also the field tests shall be carried out to get the date comparing to the simulation results. Finally, the design criteria for the holes shall be suggested by a computer simulation after demonstration of the simulation modeling.
Field test

Purpose
The interested houses for a field test are two houses which have same area of 46m 2 . One is located in Chun-cheon and the other is in Dong-hae. Figure 1 shows their planes. The measuring values are temperature of air and wall surface, fluid velocity in the balconies, wind velocity, and humidity in the balconies, rooms, outdoor air. The purposes of a field test are to get the boundary condition data to be applied a CFD simulation program, and to get the data comparing with a simulation data. Figure 2 shows the schematic diagram of the measurement system which can measure and record temperature, fluid flow, and humidity. Table 1 shows a specifications of the measuring instruments. The 60 thermocouples were set up to measure the temperature of living room and walls, and 72 thermocouples were set up to measure the fluid temperature in balcony: the 3 zones with 4 points in the direction of width and 6 points in it of heigh. Also 3 hygrometers were set up to room, balcony and the outdoor air.
Measurement system
Computer Simulation of Heat and Fluid Flow in the Balcony
In this chapter, the fluid flow and temperature distributions in balcony shall be calculated by computer simulation. It is reasonable that the fluid is inviscid, incompressible, turbulent, and natural convection. The SC/Tetra; a code which has been applied generally to engineering field for an analysis of a fluid flow and heat transfer, was used to calculate the fluid velocity and temperature. It has been well known as good converging code for a turbulent flow and natural convection models.
Governing Equations
As previously stated, the fluid in balcony is turbulent because the Rayleigh number is about 4.67×10 9 ; this value was measured by the field test. It also is incompressible because density is constant due to a time variation. And it is natural convection because the velocity is very low, about 3～20cm/s. So, the governing equations of the fluid in the balcony are as follows.
1) The equation of continuity
2) The equation of motion
3) The equation of energy 4) The equations of turbulent energy and dissipation rate (k-ε equation) Figure 3 shows a geometry for a computer simulation. This geometry is same with the field test houses except cutting the symmetry regions to reduce a computer calculation memory. 
Modeling
Geometry
Properties and Bboundary Conditions
(1) Properties Many properties are required to calculate the fluid flow and temperature characteristics of indoor air, i.e., density, specific heat, conductivity, viscosity, and expansion coefficient for a reference temperature. Table 2 shows the properties of materials. Table 3 shows the boundary conditions to be applied to the simulation model. other. The measuring data are the values from lower part to upper part at the middle point with the width direction of balcony. The temperature distribution from the lower to upper parts is 3℃～6℃, and it is almost equal to the simulation data of the figure 5.
(2) Boundary Conditions
(2) Surface Temperature Figure 6 shows the simulation result for the surface temperature of wall, glass, and window frame. Figure 7 shows the surface temperature difference with the simulation results and measuring data. It looks like that two results are about the same. Figure 8 is the results when the outdoor air temperature was -2℃, the room temperature was about 26℃. Figure 9 shows the air temperature distribution by simulation to the middle height of the 84m 2 apartment housings' balcony. It is almost constant to the internal zone of balcony, but it is very irregular along the perimeter zone. Also the temperature is high along the inside perimeter zone, and it is low along the outside. That is because the heat transfer resistance is high near the wall surface due to the thick boundary layer. Figure 10 shows the velocity at the same position. It is clear that the air is stagnated at corners and wall surface, so the boundary layer is thick along the The dew piont temperature : 5℃ regions. Figure 11 shows the surface temperature. Figure 12 shows the possibility of a vapor condensation on the wall. The condensation may be happened to the most part of a wall. Fig. 13 shows the drawing of which 4 holes are perforated into the concrete wall. Then it is clear that natural convection will be more active than the closed space. Figure 14 shows the geometry made by SC/Tetra Code. Figure 15 shows the vapor condensation area ratio on the wall. It is 79.1% if the diameter of holes is 0mm: it is the same with a closed space. It is about 79% when the 4 holes with 30mm diameter are perforated through the wall. If 4 holes with 70mm diameter will be perforated, the possibility may be about 3.5%. In the case of two holes with 100mm diameter, which one is up of the left and the other is down of the right, then the possibility is 0%. But if the both holes are to the same height, for example, upper or middle or lower, it is not good design method to protect the vapor condensation. Figure 16 shows an average air temperature in the balcony. The area of holes is more larger and larger, it is getting lower and lower. Figure 17 shows the air temperature distribution by simulation for the 46m 2 apartment housing. The balcony air temperature is almost constant to the internal zone and the perimeter zone. This result is different from that of the 84m 2 apartment housing.
Open Space (Perforated Holes for Ventilation) (a) Model
(b) Results
Moreover, the room temperature of this plane is more lower than that of the 84m 2 . It is guessed that the flow and temperature characteristics are dissimilar to each other because the shape of the balcony planes are different from each other. Figure 18 shows the velocity distribution in the balcony plane. As shown in this figure, the velocity is very fast at the corners and nearby the surface. So the convective heat transfer coefficient is very high at the region, and then heat is get out very well from the room to outdoor air. So the air temperature in the balcony and rooms of 46m 2 is more lower than that of the 84m 2 . Figure 19 shows the surface temperature, and figure 20 shows the possibility of a vapor condensation on the walls. A vapor condensation will be happened almost balcony wall surface as same as the 84m 2 .
2) Open Space (Perforated Holes for Ventilation)
The holes for ventilation are also perforated through the concrete wall in the same method with 84m 2 apartment housing.
Then, figure 21 shows the vapor condensation area ratio on the balcony wall. It is about 77% when the balcony space is closed, i.e. the diameter of holes is 0mm. And it is about 47% for four holes with diameter 30mm, and it is 0% for four holes with diameter 50mm. If there are two holes with 70mm diameter which one is down of the left and the other is up of the right, it is also 0%. Figure 22 shows the average air temperature in the balcony. It is about -1℃ in case of closed space, however, it is more higher if the holes are perforated. It is because the temperature is calculated for the only middle section of balcony space. If the average temperature would be calculated for all of the region in balcony it will be more lower than that of the closed space.
